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Abstract
Introduction  The skin is an important barrier against 
environmental allergens, but infants have relatively 
impaired skin barrier function. There is evidence that 
impaired skin barrier function increases the risk of 
allergic sensitisation, atopic dermatitis (AD) and food 
allergy. We hypothesise that regular prophylactic use of 
emollients, particularly those that are designed to improve 
skin barrier structure and function, will help prevent these 
conditions. With the aim of determining if application of a 
ceramide-dominant emollient two times per day reduces 
the risk of AD and food allergy, we have commenced 
a multicentre phase III, outcome assessor blinded, 
randomised controlled trial of this emollient applied from 
birth to 6 months.
Methods and analysis  Infants (n=760) with a family 
history of allergic disease will be recruited from maternity 
hospitals in Melbourne. The primary outcomes are as 
follows: the presence of AD, assessed using the UK 
Working Party criteria, and food allergy using food 
challenge, in the first 12 months of life as assessed by a 
blinded study outcome assessor. Secondary outcomes are 
as follows: food sensitisation (skin prick test), skin barrier 
function, AD severity, the presence of new onset AD after 
treatment cessation (between 6 and 12 months) and the 
presence of parent reported AD/eczema. Recruitment 
commenced in March 2018.
Ethics and dissemination  The PEBBLES Study is 
approved by the Human Research Ethics Committees 
of the Royal Children’s Hospital (RCH) (#37090A) and 
the Mercy Hospital for Women (2018–008). Parents or 
guardians will provide written informed consent. Outcomes 
will be disseminated through peer-reviewed publications 
and presented at scientific conferences.
Trial registration numbers  ACTRN12617001380381 and 
NCT03667651.

Introduction 
Allergic diseases are common, cause substan-
tial burden of disease and their causes remain 
largely unknown. Except for early introduc-
tion of peanut and egg to prevent food aller-
gies to these specific allergens,1 there are 
limited proven primary prevention strategies 
available. Given the accumulating evidence 
on the link between infant atopic dermatitis 
(AD) and increased risk of developing food 
allergy,2 asthma3 and allergic rhinitis, there is 
increasing interest in investigating whether 
improving skin barrier function could 
prevent subsequent childhood allergies. We 
have been actively investigating the role of 
AD in the development of sensitisation, food 

Strengths and limitations of this study

►► This large randomised trial will use robust meth-
ods to investigate the impact of application of a 
ceramide-dominant emollient two times per day on 
atopic dermatitis and food allergy.

►► Using this emollient may maximise the effectiveness 
of this intervention, as ceramides are important in 
the formation of the skin barrier and neonatal skin is 
relatively deficient in ceramides.

►► Parent adherence to the intervention may vary and 
wane over time and this may reduce the treatment 
effect.

►► Participants in the control group may use other 
emollients, potentially leading to underestimating 
the efficacy of the intervention.

►► Recruiting only children with a family history of al-
lergic disease may limit the generalisability of the 
results to the broader population.
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allergy and asthma both in childhood2–5 and into adult-
hood.6 7 Despite AD typically being the first sign of allergy, 
there is no definitive proof that AD causes food allergy, 
hay fever or asthma, as these conditions may be associated 
due to shared genetic and environment causes. Twin and 
sibling studies highlight the importance of genetic causes 
of these conditions, although the link between AD and 
allergic airways disease is independent of shared early-life 
environmental factors.8 

Biological plausibility exists for a causal link between 
AD and other allergies. Preventing infants from devel-
oping AD may halt progression to the next step in the 
atopic disease, as it is possible that sensitisation to aller-
gens occurs via damaged skin associated with AD, which 
then increases the risk of these other conditions.9 There 
are a range of data that support this concept. Skin is an 
essential barrier to the external environment, and infants 
have relatively poor skin barrier function.10 The skin 
barrier is impaired in AD as shown by higher levels of 
transepidermal water loss (TEWL) through both affected 
and asymptomatic skin.11 Reduced skin barrier function 
in the first week of life is associated with an increased risk 
of AD by 12 months of age.12

To date, three small clinical trials (sample sizes ranging 
from 80 to 124) have demonstrated that daily applica-
tion of an emollient to the skin of infants can reduce 
the incidence of AD by approximately 50%.13–15 These 
studies establish the proof of concept for AD preven-
tion using emollients to improve barrier function of 
skin. These studies have used emollients as prophylactic 

treatments from the first weeks of life up to 26 and 32 
weeks. It remains to be determined whether (i) there is 
a sustained reduction in the incidence of AD once treat-
ment has ceased, (ii) this form of intervention reduces 
the incidence of food allergy or later asthma and allergic 
rhinitis and (iii) such treatments are effective in both 
those with and without filaggrin (FLG) null mutations. 
Larger randomised controlled trials, powered to demon-
strate the long-term effects of this form of treatment on 
the incidence of AD beyond the treatment period, and 
measurement of food allergy outcomes, are urgently 
needed. A number of such trials are already underway to 
address these gaps in knowledge.16

Two of the trials to date have used standard emol-
lients.14 15 These have included 2e Douhet emulsion in 
one study15 or a range of products selected by the parents 
(sunflower seed oil, double-base gel, liquid paraffin 
in white paraffin, Cetaphil cream or Aquaphor) in the 
other.14 In contrast, in our own PEBBLES (Prevention 
of Eczema By a Barrier Lipid Equilibrium Strategy) pilot 
study, we have used a ceramide-dominant emollient.13 
The poorer barrier function of the skin of infants is, at 
least in part, due to low concentrations of ceramides in 
the stratum corneum, with ceramide concentrations 
increasing in the weeks following birth.17 Diseased skin, 
including eczematous skin, is also characterised by 
decreased ceramide levels.11

EpiCeram has been formulated to have the optimum 
ratio (3:1:1) of ceramides, cholesterol and fatty acids 
for skin barrier restoration.18 It contains the major fatty 
components of human skin at physiological concentra-
tions, and it has been shown to greatly accelerate the 
restoration of the skin barrier function (>90% at 4 hours 
following application). In addition, EpiCeram has a 
slightly acidic pH (5.0), similar to mature skin, which 
aids the production and secretion of ceramides by the 
skin.19 Notably, newborn vernix caseosa is also rich in 
cholesterol, fatty acids and ceramides.17 EpiCeram has 
a similar impact on the symptoms of AD as a moderate 
strength topical corticosteroid (TCS) cream,20 without 
potential TCS side effects.21 It has been well tolerated 
as a prophylactic treatment in infants in both of our 
previous studies.13 22 In a per protocol analysis, we have 
previously observed a promising reduction in food 
sensitisation at 12 months in those children whose 
parents applied EpiCeram on average at least 5 days 
per week (0% vs 19%, p=0.04).13 Due to its potential 
benefits, we have chosen to use EpiCeram rather than 
a standard emollient as our intervention in our trial 
described here.

Given the above gaps in knowledge, we have designed 
the PEBBLES study, a randomised, parallel arm, single-
blinded, trial to test if routine use of a ceramide-domi-
nant emollient for the first 6 months of life prevents the 
development of AD, including beyond the active treat-
ment period, or reduces the prevalence of food allergy 
and allergic sensitisation. This study follows on from our 
published pilot study.13 The results of this trial will help 

Figure 1  Study flow diagram.
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clarify the role of the skin barrier as a route of allergic 
sensitisation and subsequent allergic disease.

Objectives
To determine if application of a ceramide-dominant 
emollient two times per day reduces the risk of AD and 
food allergy by 12 months of age, when compared with 
standard skin management. We also aim to determine if 
the intervention reduces the risk of allergic sensitisation 
(as measured by skin prick tests), improves infant skin 
barrier function, causes any adverse effects in infants and 
influences infant skin microbial colonisation or skin lipid 
profile.

Methods
Design
This is a phase III, single-blind (outcome assessment is 
blinded), randomised controlled multicentre trial of the 
effect of EpiCeram emollient on the primary outcomes 
of incidence of AD and food allergy in high risk infants.

Setting and participants
Treatment will be from birth until 6 months of age, with 
a 6-week, 6-month (26 weeks) and 12-month (52 weeks) 
follow-up. Infants with a family history of allergic disease 
(biological parent or half/full sibling) will be recruited 
from maternity hospitals in Melbourne, Australia. The 
study diagram is depicted in figure 1. We aim to recruit 
760 infants (380 per arm). Recruitment will occur at 
the Royal Women’s Hospital, Frances Perry House, 
Mercy Hospital for Women and the Murdoch Children’s 
Research Institute.

Inclusion and exclusion criteria
Inclusion criteria
Only full-term infants with a family history (biological 
parent or full/half sibling) of allergic disease will be 
eligible to ensure a high rate of AD and food allergy. 
Infants will be eligible to participate if at least one imme-
diate family member (biological mother, father or older 
sibling) has a self-reported history of at least one of 
asthma, eczema/AD, hay fever/allergic rhinitis or food 
allergy. Infants will be enrolled up to 3 weeks of age. Preg-
nant mothers may also prenatally enrol their child into 
the study from 28 weeks’ gestation, but randomisation 
will only occur post birth.

Exclusion criteria
Infants with the following will be excluded: a parent 
who has a known hypersensitivity to any of the ingredi-
ents of EpiCeram, multiple births, born premature (<36 
weeks), major birth or early life medical complications; 
parents who do not have sufficient English language skills 
to answer questions and those who would be unable to 
comply with all protocol required visits and procedures.

Randomisation
A computer-generated random 1:1 allocation list in 
blocks of variable length (4–8) will be developed and 
loaded onto the study’s REDCap database by the lead trial 
statistician (Lyle Gurrin). The list will be stratified based 
on study recruitment site and number of family members 
with allergic disease (1 vs >1), to ensure balance between 
the groups on these potentially prognostic factors. 
Consenting participants meeting inclusion criteria will 
be randomised and allocated study numbers. At all times, 
the allocation list will be concealed from the study coor-
dinator and other investigators, who manage participant 
recruitment and follow-up.

Intervention and control conditions
Infants will be randomly assigned to receive either stan-
dard skin care advice (control group) or two times per 
day treatment with EpiCeram (intervention group). 
EpiCeram has been approved for use by patients with 
AD or eczema by the Food and Drug Administration 
(FDA) in the USA but does not yet have Australian Ther-
apeutic Goods Administration (TGA) approval and is not 
currently available in Australia. Parents will be instructed 
to apply approximately 6 g of EpiCeram per application 
two  times per day from birth until the infant is 6 months 
of age. Parents of children in the control group will be 
managed as per existing practice and will not be given any 
emollients. For ethical reasons, parents of children in the 
control group will not be told to withhold skin care from 
their infant and information relating to use of emollients 
will be collected from all participants.

Compliance
A weekly diary will be completed online by parents who 
will document the frequency of EpiCeram application 
and use of any other creams. Parents will also be asked 
to return all tubes of cream (used and unused) at all 
follow-up appointments, so the study team can weigh 
any remaining cream. Our pilot study found that 76% of 
parents in the intervention group applied the cream on 
5 or more days per week.13 Use of other emollients and 
skin care products will also be recorded at the same time.

Outcomes
Primary

►► The presence of AD in the first 12 months of life 
assessed using the UK Working Party criteria23 and/or 
visible AD at the time of examinations.

►► Food allergy, based on skin prick tests, history of reac-
tions and food challenge at 12 months.24

Secondary
►► Adverse reaction to EpiCeram.
►► Skin barrier function as assessed by TEWL at 6 weeks 

and 12 months.
►► Food sensitisation (positive skin prick test) at 12 

months of age.
►► Presence of observed AD that first presents from 6 to 

12 months (incident after intervention period).
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►► Presence of probable AD within the first year of life 
based on parent report of doctor diagnosed AD.

►► IgE-associated AD (AD in the context of a positive skin 
prick test).

►► AD severity assessed using the Eczema Area and 
Severity Index (EASI) score.25

Blinding
Mothers of the infants and the study co-ordinator and 
recruiter will be aware of the group of allocation. The 
assessors of the primary outcomes will be blinded to 
the group of allocation and will have no contact with 
the study participant beyond measuring of outcomes.

Data collection
A baseline assessment will be performed when the infant 
is between 1 day and 3 weeks old (table 1). This will entail 
two surveys, a skin assessment, skin barrier function 
measurement, tape stripping and an optional heel prick. 
Subsequent visits, where these tests will be repeated, 
along with a skin examination for AD, will occur when the 
infant is 6 weeks and 12 months. The 6 month time-point 
will be survey only. Breast milk samples will be collected 
at 6 weeks. At 12 months visit will also entail an optional 
buccal swab sample for genetic analyses. All infants will 
receive a skin prick test at 12 months, and infants who are 

sensitised will be offered a food challenge to determine if 
they are allergic to those foods.

All participants (in both intervention and control 
groups) will be provided with the Australasian Society 
of Clinical Immunology and Allergy’s (ASCIA) advice 
on strategies for allergy prevention (https://www.​
allergy.​org.​au/​patients/​allergy-​prevention/​ascia-​
guidelines-​for-​infant-​feeding-​and-​allergy-​prevention). 
This advice, updated in 2016, recommends ‘introduc-
tion of solid foods around 6 months, but not before 4 
months’ and that ‘introduction of common allergenic 
foods should not be delayed’. In addition, we will send 
participants a reminder of this advice at 6 months of 
age, and monitor introduction of foods into the infant 
diet as part of the participant surveys.

Data management
We are using REDCap as our data capture method, either 
using secure online token-based email links or entered 
directly on an iPad at baseline. All other data (from skin 
assessment and  skin prick test) will be entered directly 
into REDCap. No analysis of the data will be conducted 
until the accuracy of the database has been verified, 
including assessment for reason for missing data, and that 
all data are within range.

Table 1  Timing of study measures

Study period Screening Baseline
Telephone/
email contact-1 Follow-up-1 Follow-up-2 Follow-up-3

Visit number Visit 0 Visit 1 Visit 2 Visit 3 Visit 4

Week

28 weeks 
gestation
–3 weeks 1 day–3 weeks 4 weeks 6–12 weeks

6–9 months 
(26–39 weeks)

12–24 months 
(52–104 weeks)

Informed consent X

Demographic X

Family history/home 
environment

X

Skin assessment X X X

Randomisation X

Study cream dispensing X X

Participant survey X X X X

Adverse event check X X X X

Diary card X X X X X

Compliance check X X X X

Skin prick test X

Food challenge X

Optional procedures

Skin tape stripping X X X

Heel prick test X X X

Breast milk sample X

Buccal swab X

https://www.allergy.org.au/patients/allergy-prevention/ascia-guidelines-for-infant-feeding-and-allergy-prevention
https://www.allergy.org.au/patients/allergy-prevention/ascia-guidelines-for-infant-feeding-and-allergy-prevention
https://www.allergy.org.au/patients/allergy-prevention/ascia-guidelines-for-infant-feeding-and-allergy-prevention
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All files will be password protected. Participant identi-
fiers will be stored separately from study data, and only 
be accessible to study staff requiring this information for 
participant follow-up and interaction.

Primary outcomes
The presence of AD in the first 12 months of life assessed 
using a modified version of the UK Working Party criteria 
for AD23 26 and/or visible AD at the time of examinations. 
To meet this criteria for AD, a child will need to have 
history of an itchy skin condition that is either continuous 
or intermittent and lasting 4 weeks and two or more of 
(i) history of flexural rash, (ii) a history of dry skin since 
birth and  (iii) visible flexural dermatitis (note-all chil-
dren will have a family history of allergic disease).

Confirmed diagnosis of food allergy at 12 months. This diag-
nosis is derived from a combination of allergic sensiti-
sation, reaction history and food challenge, using our 
previously established definition.24 The testing will adhere 
to ASCIA guidelines.

Secondary outcomes
Adverse reactions to EpiCeram:
Parents will be asked to immediately contact the study 
team if they believe that their child has developed an 
adverse reaction to the EpiCeram treatment. We will 
instruct parents to cease application of the treatment 
immediately and wash their infants skin with water. We 
will organise an assessment with a study dermatologist. 
Parents will be asked to apply a small amount to the child’s 
forearm on the day prior to the appointment. Reactions 
to EpiCeram will be confirmed if repeatable symptoms 
are caused by EpiCeram application.

Surveys
Questionnaires will be administered at baseline, 6 weeks, 
6 months and 12 months. Information to be captured will 
encompass parental and older sibling history of allergic 
disease,27 ethnicity, home environment, birth details, AD 
symptoms, and infant health and medical treatments.

AD/eczema assessment, including severity
The infant’s skin will be evaluated for signs of AD, using UK 
Working Party criteria,23 at each follow-up and if present it 
will be assessed for severity using the EASI scale.28

Transepidermal water loss
A closed chambered device (Delfin Technologies Ltd, 
Kuopio, Finland) will be used at baseline and each 
follow-up as a non-invasive measure of skin barrier func-
tion. Infants’ skin will have been exposed and acclima-
tised to the testing room environment for at least 15 min.

Diary card
Participants will be asked to complete an online weekly 
diary to help determine if any adverse events have 
occurred, treatment compliance for those in the ‘cream’ 
group, and to measure other emollient use in both 
groups. 

Skin prick tests
These will be performed at 12 months on six common 
allergens (egg white, cow’s milk, peanut, dust mite, cat 
dander and rye grass), along with a negative (saline) and 
positive (histamine) controls. A Greer prick technique 
will be used.

Buccal swab collection
Participants will provide a buccal swab using a Copan 
nylon flocked swab, and DNA will be extracted from these 
samples using standardised techniques. FLG null muta-
tions and other mutations related to AD and food allergy 
risk29 will be examined.

Tape stripping
Lipids and biome samples will be collected via skin 
tape stripping at baseline and each follow-up. For lipid 
sampling, a series of four D-SQUAME Standard adhesive 
discs will be applied to the same location on forearm skin 
surface and pressed to apply even pressure for 5–10 s.30 
To collect skin microbiome samples, a D-SQUAME disc 
will be repeatedly applied for 2 min to the same location 
on the infants (opposing) forearm.31 Samples will initially 
be stored at −80°C.

Heel or finger prick test
A blood sample will be collected at baseline and at each 
of the follow-up visit via a heel or finger prick test using 
a lancet, and a few drops of the blood soaked onto 
preprinted collection cards (Whatman filter paper). 
These specimens will be used to measure vitamin D, 
epigenetics and other biomarkers.

Statistical analysis
The primary analysis for AD outcome will be the comparison 
of primary outcomes between participants in the standard 
skin care group and the intervention group. The primary 
analysis will be performed using the modified intention to 
treat principle, where only participants with data available 
at 12 months will be included. Multiple imputation will be 
performed to assess the potential for loss to follow-up to 
have influenced the study results. For the main dichoto-
mous outcomes (AD and food allergy), the magnitude of 
any between-group differences will be quantified by calcu-
lating relative risk ratio, as well as absolute risk, difference 
and number needed to treat, with 95% CI  for the corre-
sponding population estimates. Further analyses using 
multivariable log-binomial regression will be undertaken 
to explore the sensitivity of the effect estimates to imbal-
ance between the groups at baseline on prognostic factors. 
We will also perform a planned per protocol analysis that 
only includes those infants whose parents apply the study 
treatment on at least 5 days per week and excluding control 
participants whose parents use an emollient as a prophy-
lactic treatment (rather than as a treatment for rash). We 
will also test if age of commencement of treatment influ-
ences the results. To determine if the effect of this treat-
ment depends on inherent predisposition to impaired 
barrier function, interaction terms will be fitted between 
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treatment group and genetic risk factors (including FLG). 
We will also explore if any preventive effects are mediate 
either by alteration of skin lipid or microbiome, as there 
is some evidence that routine emollient use may alter skin 
biome.32

Sample size
We require 760 participants (380 in each group). With 
380 infants per group, we will have, (1)  86% power to 
demonstrate that the intervention causes an absolute risk 
reduction for AD of 12% (from 40% to 28%, RR=0.7), and 
(2) 80% power to detect a 7.5% reduction in food allergy at 
12 months (from 15% to 7.5%, RR=0.5). As the population 
prevalence of FLG null mutations is approximately 10%,33 
and we will only recruit children with a family history of 
allergic disease, we expect at least 15% of participants to 
have one or more FLG null mutation. This will result in 45 
infants per group (allowing for up to 80% loss to follow-up) 
with one or more such mutations. We will have approxi-
mately 80% power to detect a relative risk of 0.40 (20% vs 
50%) induced by the treatment for the outcome of AD.

Start of the study
Recruitment commenced in March 2018.

Patient and public involvement
Patients and the public were not involved in the develop-
ment of this study protocol. All participants will be sent 
an annual study update newsletter and a summary of the 
study results at the completion of the trial.

Data and safety monitoring
An independent Data Safety Monitoring Board (DSMB) 
has been appointed to oversee the safety of the trial, 
including adverse events monitoring. The DSMB consists 
of two clinical immunologists/allergists, a biostatistician 
and dermatologist. Serious safety issues will be reported to 
the RCH Human Research Ethics Committee. No interim 
analyses are planned and the DSMB may advise that the 
study be stopped if they have significant concerns for the 
safety of study participants. Adverse events, protocol devi-
ations or violations will be documented in REDCap and 
all serious safety issues reported to the approving ethics 
committees. A Clinical Trial Monitoring plan has been 
established with auditing occurring independently of the 
PEBBLES study team.

Discussion
This trial will determine whether application of a cera-
mide-dominant emollient two times per day can prevent the 
development of AD (including 6 months after the cessation 
of treatment) and food allergy. The study findings will help 
determine if maintenance of the infant skin barrier may 
help reduce the risk of allergic sensitisation and subsequent 
allergic diseases. This will demonstrate the role of impaired 
skin barrier function as an inducer of allergic diseases and 
may inform primary prevention strategies.

Allergic diseases, including AD, food allergy, allergic 
rhinitis and allergic asthma are highly prevalent in 
Westernised countries, and are increasingly common in 
low and middle income countries.34 Collectively, these 
conditions cause substantial burden of disease. Their 
rapid increase in prevalence over recent decades35 and 
the substantial differences in their prevalence between 
countries and cities suggest a key role for environmental 
exposures. Current therapies for these conditions 
predominantly aim to minimise symptoms rather than 
cure (with the possible exception of immunotherapy,36 37 
which is often a long-term process that is often challenging 
to implement). While there has been substantial research 
investment, there remains no proven primary-prevention 
strategy for these conditions.38 39

It is possible that the effect of prophylactic emollient 
use in infants may be modified by genetic polymorphisms 
that impair skin barrier function. The primary gene of 
interest is FLG, which encodes for production of pro-FLG, 
which is required for the formation of the cornified cell 
envelope and maintenance of the skin barrier.33 Null 
mutations in the FLG gene are relatively common (~7%–
10% of European populations40), and there are race-spe-
cific FLG null mutations.41 These null mutations result in 
reduced expression of FLG. Null mutations in FLG have 
been associated with impaired skin barrier function,42 
AD29 and food sensitisation and allergy.43 As mutations in 
this gene reduce the integrity of the skin barrier, it is plau-
sible that interventions that improve infant skin barrier 
function may be particularly effective in these individuals. 
While the evidence supporting the role of FLG null muta-
tions in the aetiology of AD and food allergy is robust, 
there are other genes that have also been associated with 
AD and impaired skin barrier, including SPINK5.44

In this study, we will collect genetic samples from 
participants at 12 months of age to perform genotyping 
for polymorphisms in FLG and other genes that are asso-
ciated with skin barrier impairments, or risk of AD, to 
determine if the effect of this intervention is modified by 
these polymorphisms. While the sample size that will be 
recruited for this study is substantial, we will be relatively 
underpowered to detect stratum-specific effects (if 10% 
of the recruited sample has an FLG null mutation, only 
38 participants per group will have such a null mutation). 
It is likely that results from similar trials will need to be 
pooled to adequately address this issue.

We have also elected to use the term AD, rather than 
eczema, as it is a more specific clinical term,45 despite 
eczema being commonly used term in the community. 
We will use the UK Working Party Criteria for AD as a 
primary outcome in this study.23 This is a commonly used 
definition and includes flexural rash that is observed by 
an assessor blinded to the study group. While this defini-
tion does not require evidence of raised specific IgE to 
diagnose AD, this is appropriate given that 30%–40% of 
infants with AD in early life having negative skin prick 
tests.46 47 However, we have included IgE-associated AD as 
a secondary outcome.
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The strengths of the PEBBLES trial include the 
following: the large sample size, that is targeted to families 
with a history of allergic disease, with blinded outcome 
assessment, and including food challenges to confirm 
food allergy. The study will be conducted in Melbourne, 
Australia, where there are high rates of AD48 and food 
allergy.49 Inclusion of only infants with a family history of 
allergic disease will increase the baseline prevalence of 
AD48 and food allergy,50 which will maximise the statis-
tical power to detect an effect of this intervention with 
the available sample size. Infants with a family history of 
allergic disease are likely to be motivated to implement 
such preventive measures if the results show reduction in 
these outcomes. However, a limitation of this approach 
is that the results may not be directly generalisable to 
the whole community or to settings with lower rates of 
allergic disease.

The selection of a ceramide-dominant emollient is both 
a strength and limitation of this study. There is evidence 
to suggest that a ceramide-dominant emollient, with 
physiological ratios of free fatty acids and cholesterol, is 
likely to be effective at improving skin barrier function 
and therefore reduce risk of allergic sensitisation and 
disease.16 As EpiCeram is not available in Australia at 
this time, there can be no direct contamination of the 
control group. As we cannot withhold treatments from 
the control group, there might be use of other emollients 
for disease prevention, which we will monitor and record. 
While other ceramide containing treatments are available 
in Australia, they are much more expensive than standard 
emollients, limiting their use in the control group. Cost 
of EpiCeram may impact its potential viability as a popu-
lation-based intervention.

Conclusions
This study is the first to test whether routine prophylactic 
use of a ceramide-dominant emollient will prevent the 
development of AD beyond the active treatment period 
and prevent the development of food allergy and allergic 
sensitisation. To date, there are no proven measures that 
can prevent these common conditions despite substan-
tial research investment. The results of this trial will help 
clarify the role of the skin barrier as a route of allergic 
sensitisation leading to subsequent allergic disease. If 
successful, our trial has the potential to help reduce the 
burden of AD and food allergy.

Ethics and dissemination
Protocol amendments will be submitted to the approving 
ethics committees and approvals disseminated to the 
recruitment sites and associated personnel and the 
PEBBLES investigative team. Any update that impacts 
participants will necessitate an updated consent which can 
be actioned in REDCap online (via an email notification) 
or direct entry at the 6-week or 12-month assessments.

Written informed consent will be obtained from the 
parent or guardian of all trial participants by study staff. 

Consent will be voluntary and free from coercion and 
participants are free to withdraw at any time without this 
affecting their future care. The confidentiality of partic-
ipants will be protected at all times, and no identifying 
data will be distributed to any third parties. AL and the 
University of Melbourne Investigators will have full access 
to the final trial data set.

Trial outcomes will be disseminated through publica-
tion and presented at scientific conferences. All study 
investigators will be given the opportunity to coauthor 
papers, and the services of professional writers will not 
be used.

This paper is based on the PEBBLES protocol V.4, 10 
July 2018.
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